Many pyogenic liver abscess (PLA) patients underwent abdominal surgery before. However, little is known about the impact of previous abdominal surgery on the clinical characteristics and prognosis of PLA.
Introduction
Pyogenic liver abscess (PLA) is the most common type of visceral abscess. Due to an increasing prevalence of diabetes mellitus, more and more aggressive surgical management of hepatic, biliary, and pancreatic disorders, aging population, and wide use of immunosuppressive agents in transplant and cancer patients, the incidence of PLA has increased steadily in recent years. [1] [2] [3] In the meantime, the cause, diagnosis, management, and prognosis of PLA underwent significant changes. [4] A few population-based studies have shown that a history of abdominal surgery was associated with an increased risk of PLA. [5] [6] [7] [8] [9] [10] Also, many PLA patients underwent abdominal surgery before. [11, 12] However, it remained unknown whether there are any differences in the clinical characteristics and prognosis between PLA patients with and without a previous surgery history. The purpose of this study, therefore, was to investigate the impact of previous surgery on the clinical characteristics and prognosis of PLA.
Patients and methods

Study population
In all, 438 liver abscess patients were admitted to the first affiliated hospital of Xi'an Jiaotong University from January, 2007 to December, 2016 . Patients who had incomplete medical records (n = 39), amebic liver abscess (n = 1), tuberculous liver abscess (n = 3), or under the age of 18 (n = 3) were excluded from this study. In the remaining 392 patients, 177 had previous abdominal surgery history. The previous abdominal surgery was defined as any abdominal surgery before the occurrence of PLA. All the PLA patients were treated with a combination of a second or third-generation cephalosporin and metronidazole empirically or based on antimicrobial susceptibility testing if available. Depending on the number and size of abscesses, degree of abscess liquefaction, separation of abscess cavity, patient response to antibiotics, and personal experience of the physicians, PLA patients were treated with antibiotics alone or antibiotics plus percutaneous drainage or surgical drainage. This study was approved by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University (IRB No: XJTU1AF2015LSL-057). The patients' informed written consent was waived due to the retrospective nature of this study.
Data collection
The medical records of all patients were reviewed retrospectively. Clinical data included patients' age, sex, comorbidities, surgery history, symptoms and body temperatures at admission, and changes during hospitalization. Laboratory data included blood routine test, liver function test, and renal function test, which were documented at admission. Blood cultures were drawn from all patients within the first 24 hours after admission. Aspiration of the abscess was performed under ultrasound or computed tomography (CT) guidance, and aspirated pus was sent for gram stain and culture. The number and size of abscesses were determined based on ultrasound and/or CT images. Clinical outcomes included spontaneous rupture of PLA, portal vein thrombosis, sepsis, septic shock, acute kidney injury, pleural effusion, acute respiratory distress syndrome (ARDS), and inhospital death.
Statistical analysis
Continuous variables were expressed as mean ± standard deviation (SD), and categorical variables as absolute numbers and percent frequencies. Differences between continuous data were analyzed using Student t test. Differences between categorical data were analyzed with the chi-square test or Fisher exact test, as appropriate. Univariate and multivariate analyses of risk factors were performed using the Cox proportional-hazards model. All statistical analyses were performed with SPSS version 22.0 (IBM, Armonk, NY). A 2-tailed P value <.05 was considered statistically significant.
Results
Prevalence of a previous surgery history in PLA patients
There were 392 PLA patients in this retrospective study. Of the 177 patients (45.2%) with a previous abdominal surgery history, 38 (21.5%) had cholecystectomy, 18 (10.2%) had biliary tract surgery, 13 (7.3%) had gastrointestinal surgery, 10 (5.6%) had hepatectomy, 3 (1.7%) had pancreatic surgery, 3 (1.7%) had gynecologic surgery, 19 (10.7%) had other surgery, and 73 (41.2%) had more than 1 surgery (Fig. 1) . The median time for the occurrence of PLA after the most recent abdominal surgery was 2.0 (interquartile range [IQR] 0.25, 6.0) years.
Demographic data and coexisting conditions
As shown in Table 1 , PLA patients without a previous abdominal surgery history were more likely to be male (62.8% vs 49.7%; P = .009), have a drinking history (20.0% vs 12.4%; P = .045), and suffer diabetes mellitus (38.6% vs 23.2%; P = .001) ( Table 1) than those with a previous abdominal surgery history. On the contrary, PLA patients with a previous abdominal surgery history were more likely to have underlying hepatobiliary malignant .444-9.094, P < .001) were independent factors associated with previous abdominal surgery history in PLA patients (Table 1) .
Clinical features, laboratory results, and imaging findings
Other than more patients in the PLA without a previous abdominal surgery group presented with fatigue at admission than those with a previous abdominal surgery history, most of the symptoms and signs were similar between the 2 groups (Table 2) . However, patients with a previous abdominal surgery had significantly higher levels of alkaline phosphatase (ALP), total and direct bilirubin, prothrombin time (PT), international normalized ratio (INR), and fibrinogen (FIB) than those without a previous abdominal surgery history (P < .05 for all; Table 2 ). In terms of the imaging findings, there were no significant differences in the size and location of the liver abscesses between the 2 groups (Table 2) . However, PLA patients with a previous surgery history were more likely to have gas-forming abscesses than those without a previous surgery history (23.2% vs 11.6%; P = .002, Table 2 ).
Microbiological characteristics
The pus culture result was available in 231 (58.9%) patients in this cohort (Table 3) . Among them, 154 (66.7%) patients had an identifiable organism. Patients with a previous abdominal surgery had a significantly higher positive rate on pus culture than those without a previous abdominal surgery history (74.6% vs 59.0%; P = .012). Although Klebsiella pneumonia and Escherichia coli were the 2 most common pathogens on pus culture in both groups, the K pneumonia-positive rate was lower and the E coli-positive rate was higher in patients with a previous abdominal surgery than those without a previous abdominal surgery (P = .027 and .002, respectively; Table 3 ). Among pus culture-positive patients, 13.0% were polymicrobial. Patients with a previous abdominal surgery history were more likely to be polymicrobial than those without a previous abdominal surgery (18.8% vs 5.8%; P = .017). The blood culture result was available in 163 (41.6%) patients (Table 3) . Among them, 44 (27.0%) showed positive bacterial culture. K pneumonia remained the most common pathogen in patients without previous abdominal surgery, whereas E coli were the most common pathogen in patients with previous abdominal surgery on blood culture.
Treatment and outcomes
As shown in Table 4 , in patients with previous abdominal surgery, 32.2% were managed with conservative treatment alone, 54.8% required percutaneous drainage, and 13.0% Table 4 ). However, there were no differences in PLA-related complications, days required for temperature normalization, and length of inhospital stay between the 2 groups. In this cohort, no patients died during their stay in the hospital (Table 4 ).
Discussion
This was the first study to systemically investigate the impact of previous abdominal surgery on the clinical characteristics and prognosis of PLA. Here, we found that there were significant differences in the coexisting conditions, and clinical and microbiological characteristics between PLA patients with and without a previous abdominal surgery history. However, likely due to improvements in the diagnosis and management of PLA patients, there were no major differences in the overall short-term outcomes between the 2 groups.
Various abdominal surgical procedures including splenectomy, appendectomy, pancreaticoduodenectomy, and gastrectomy have been shown to increase the risk of PLA. [5] [6] [7] [8] Consistent with these findings, almost half of PLA patients in our current study have undergone abdominal surgery before. Although our data were incomplete to identify previous abdominal surgery as an independent risk factor for PLA, such a high percentage of PLA patients had abdominal surgery history suggests that abdominal surgery history may be a major risk factor for PLA. Most of the patients undergoing abdominal surgery suffer from malnutrition during the perioperative period and their immune function could be compromised. [13] In addition, patients who underwent abdominal surgery for underlying malignant diseases might also receive chemotherapy, which would further suppress their immune function. [14] All these factors contribute to their increased susceptibility to PLA after abdominal surgery. However, future studies will be needed to explore the detailed mechanisms responsible for the increased risk of developing PLA in patients who underwent abdominal surgery. Because PLA is a serious postoperative complication, proper screening should be performed for those who present with any signs of PLA after abdominal surgery. ALB = albumin, ALP = alkaline phosphatase, ALT = alanine transaminase, APTT = activated partial thromboplastin time, AST = aspartate transaminase, BUN = blood urea nitrogen, Cr = creatinine, DBIL = direct bilirubin, FIB = fibrinogen, GGT = gamma-glutamyl transpeptidase, INR = international normalized ratio, PT = prothrombin time, TBIL = total bilirubin. Italic indicates P value is less than 0.05.
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It is well-known that diabetic patients are more vulnerable to PLA. [15] [16] [17] In the current cohort, we also found that 31.6% of all PLA patients had underlying diabetes mellitus. An interesting finding of this study was that less patients in the PLA with previous surgery group suffered from diabetes mellitus than those in the PLA without previous surgery group. Because it is unlikely that a previous abdominal surgery history would reduce the chance of developing PLA in diabetic patients, the possible explanation for this result is that the combined effect of abdominal surgery and diabetes mellitus overshadowed the effect of diabetes mellitus on the development of PLA in these patients. However, a large population-based study is required to either confirm or deny this finding. As to other comorbidities, more patients in the PLA with previous surgery group suffered from various underlying diseases than those in the PLA without surgery group. This is not surprising as the previous abdominal surgery was most likely the treatment for the underlying diseases of these patients.
The most common pathogens identified in the current study were K pneumonia and E coli. Previous studies in Asian countries also demonstrated the predominance of these 2 microorganisms. [12, [18] [19] [20] However, this is in contrast to studies in the United States, Canada, Australia, and European countries, which have consistently reported a high prevalence of Gram-positive organisms such as Streptococcus species in PLA patients. [2, [21] [22] [23] In the current study, we also found that previous abdominal surgery appeared to increase the incidence of E coli. And on blood culture, E coli surpassed K pneumonia as the most predominant organism in PLA patients with a previous abdominal surgery history. In addition, PLA patients with a previous abdominal surgery history were more likely to be involved with multiple types of bacteria, emphasizing the need for Table 4 Treatment, complications, and outcomes.
PLA without surgery history (n = 215) PLA with surgery history (n = 177) P either a broad-spectrum antibiotic or combination antibiotic therapy in the initial management of these patients. There were no major differences in the clinical symptoms, signs, and also the size and location of the liver abscesses between the 2 groups. PLA patients with a previous abdominal surgery history appeared to have more abnormal laboratory values than those without a previous abdominal surgery history. However, this does not necessarily mean patients with a previous abdominal surgery history had more serious PLA than other PLA patients, as the differences can be explained by the underlying diseases. Furthermore, PLA patients without previous abdominal surgery are more likely to require surgical drainage than those with previous abdominal surgery. In terms of the outcome of PLA, we did not observe any significant differences between the 2 groups, suggesting that the prognosis of PLA is more closely related to the management than cause of PLA.
These findings, however, should be interpreted with caution, as there are several limitations of this study. First, this is a retrospective study. The results, therefore, are subject to a selection bias and some residual confounding. Second, only a single center's data were included in the analysis. Most of the patients in this cohort came from Shaanxi Province of China. Recent studies from different regions of the world have demonstrated considerable differences in cause and treatment of PLA. [24] [25] [26] Therefore, our findings need to be validated by multicenter studies. Lastly, we only focused on the short-term outcomes of PLA in this study. This is due to the consideration that the underlying disease would significantly influence the long-term outcomes of patients with previous abdominal surgery. To evaluate the impact of previous abdominal surgery on the long-term outcomes of PLA, a prospective propensity score-matched study is warranted in the future.
Conclusions
In conclusion, since a large number of PLA patients had a history of abdominal surgery, proper screening should be performed for patients who present with any signs of PLA after abdominal surgery. Despite the differences in the coexisting conditions, and clinical and microbiological characteristics between PLA patients with and without a previous abdominal surgery history, the overall short-term outcomes were comparable.
